BACKGROUND AND OBJECTIVES Total stripping of the great saphenous vein (GSV) is a validated surgical strategy of treating patients with primary varicose veins (PVV). An often cited, but not well documented and studied, complication of total stripping is postoperative damage of the saphenous nerve (SN).
P rimary varicose veins (PVV) because of superficial chronic venous disorders are frequently observed in the Western world, cause substantial patient morbidity, and result in significant increase in health care costs. Primary risk factors are adiposity, hours spent standing or sitting, cigarette smoking, or the female gender. 1 PVV may be treated conservatively by compression therapy or by several surgical interventions such as sclerotherapy, ligation of saphenofemoral junction (SFJ) or partial/complete stripping of the great saphenous vein (GSV). Recent years have seen the development of less invasive endovenous techniques to treat GSV incompetence, such as radiofrequency ablation, laser ablation, cryosurgery, and bipolar coagulating or foam sclerotherapy aiming to reduce the morbidity associated with conventional surgery.
The partial stripping of the GSV is one of the most used surgical strategies to treat PVV. In the case of reflux in the GSV exclusively in the upper part of the lower extremity (above knee) and no reflux in the GSV in the below knee area, stripping the GSV from just below the knee to the inguinal area is frequently performed with good clinical efficacy. However, in the case of reflux of the total GSV (both above and below knee), most clinicians still perform a partial stripping of the GSV (thereby leaving the below knee GSV in situ) due to fear of saphenous nerve (SN) injury in case of total stripping. The risk of nerve damage is frequently cited as a reason to avoid total stripping of the GSV. [2] [3] [4] [5] [6] [7] [8] [9] This SN damage after GSV surgery has been recognized as a potential problem for many years but there are very little data on the incidence and severity of this complication. The objective of this prospective study was 1) to study the incidence of SN damage, and 2) to evaluate the influence on postoperative outcome and morbidity after total GSV stripping in patients with PVV due to reflux in the entire GSV.
Methods

Inclusion
This prospective study was conducted at the Haga-Hospital (The Hague, The Netherlands) between April and September 2006. All patients with PVV caused by incompetence of the GSV supra-as well as the infragenual region as confirmed by duplex ultrasound examination (DUE), requiring surgical intervention, were included in this study. Patients excluded from the study were patients unable to attend the hospital for follow-up, with a history of surgery on the limb to be operated on (e.g., due to previous trauma or ulceration), diabetic neuropathy, thrombophlebitis, lumbar disk lesions, peripheral arterial occlusive disease, or bleeding diathesis.
Preoperative
The indications for total GSV stripping were decided by the confirmation of GSV reflux confirmed by DUE. All patients were studied before the total GSV stripping by qualified vascular sonographers. Scans were performed with the patient standing and the limb relaxed. Reflux in the GSV and the SFJ was defined as retrograde flow persisting for 0.5 seconds or more [10] [11] [12] in the affected vein. Reflux at the SFJ was elicited with the Valsalva maneuver and at the saphenopopliteal junction (SPJ) by a calf compression-release maneuver. 13 By compressing the gastrocnemial loge reflux can be verified by DUE. The scan assessed all deep, superficial, and perforating veins from the groin to the ankle.
After informed consent for participating in the study and for undergoing operation, patient characteris-tics, signs, and symptoms were recorded preoperatively on a patient-specific prefixed data sheet. Furthermore, standard neurologic examination of the ipsilateral and contralateral leg were performed and recorded in a standard manner preoperatively. One single observer (HCF) performed all examinations to identify potential sensory neurologic deficits, both preoperative and postoperative. In our opinion this is a crucial aspect of the study design because, in this way, interobserver variability was prevented. Furthermore, because the single examiner was not responsible for indication of operation, nor the surgical treatment, nor the postoperative surgical care, the observer can be regarded as independent and unbiased. In advance of the study, a neurologist trained HCF twice a week during the outpatient clinic visits of neurological patients during a 6-month period. The neurologic protocol of this study was also supervised and approved by the department of neurology of the HagaHospital. For the purpose of the study, paresthesia was defined as ''spontaneous abnormal sensation occurring in the absence of sensory stimulation,'' usually described as ''pins and needles'' or a ''tingling sensation,'' and dysesthesia was defined as ''unpleasant distorted sensation from actual sensory stimulation.'' 14 In a standardized questionnaire, patients were asked whether they had experienced pain or any unpleasant, altered, or abnormal sensation in the leg or discovered any areas of numbness or decreased sensation in the limb after surgery. These were recorded, and special attention was paid to these areas during sensory testing. The sensations tested were light touch (using cotton wool) and pain (using a neurologic examination pin). 14 The patient was asked to close her or his eyes and asked to respond when touched. The whole region of the SN was examined. When an area of numbness was identified, the borders were defined by testing from abnormal area to the normal area. When an area of dysesthesia was identified, the area was mapped from the normal to the abnormal area. The CEAP classification 15 was also determined to grade the superficial chronic venous disorder of every patient.
Surgery
Surgery was performed under general or regional anesthesia in all cases with the patient in a supine position. This is the standard form of anesthesia for surgical stripping in our clinic. All operations were performed by a consultant surgeon, specialist registrar, or senior house officer (always in the presence of a consultant or specialist registrar with an interest in vascular surgery).
The GSV was mapped before surgery on the skin at the most distal point at the ankle with the patient standing, making access to the GSV as simple as possible. Access to the GSV immediately above the medial malleolus was gained according to standard practice through a 1-cm longitudinal incision and involved careful identification of the SN and separation of the GSV from the SN at the medial malleolus. The olive head stripper tip (10 mm) of the disposable vein stripper (Codman, Johnson & Johnson, Amersfoort, The Netherlands) was introduced into the distal end of the GSV and passed proximally to the location distal of the SFJ in the groin. Surgery at the groin was undertaken through a small transverse skin incision, centered directly over the SFJ. Tributaries were ligated with polyglactin 00 (Vicryl, Ethicon, Livingston, UK) and then the GSV was divided and ligated at its junction with the femoral vein. The stripper tip was retrieved through a longitudinal incision. The distal and proximal ends of the GSV were fastened to the stripper with a ligature, and the strip of the GSV was performed in one upward fashion from ankle to the groin. Stab avulsion phlebectomy was performed to remove prominent branch varicosity when necessary. The groin wound, the avulsion sites, and the stripper entrance wound were approximated with nonabsorbable sutures (Ethilon 4-0, Ethicon). After surgery, the entire leg was wrapped in an elastic compression bandage applied distal to proximal with the leg elevated to reduce the risk of postoperative bleeding. This was replaced by graduated compression stockings after 24 hours and continued for 6 weeks postoperatively.
Postoperative
Postoperative signs and symptoms of damage of SN were registered on a prefixed data sheet 6 and 12 weeks after surgery. The effect of the operation on the initial complaints was also documented to assess the efficacy of the surgical intervention. Patients with no subjective or objective neurologic deficits were discharged with no further plans for review at 6-week follow-up. Patients were considered to have SN deficits if they had measurable abnormalities in sensations within the distribution of the SN on the operated leg and lacked abnormalities outside the distribution of SN on the contra lateral leg. Patients with neurologic deficits were followed up in the hospital at 3 months postoperatively and underwent the same interview and examination as at 6 weeks.
Results
Between April and September 2006, a total of 69 limbs underwent surgery in 51 patients. Of these limbs, 47 were female (68%) and 22 were male (32%). Seventy percent of the females had multiple pregnancies in their history. In terms of body mass index, 70% of the patients suffered from overweight (18.5-24.9 kg/m 2 ) or adiposity (430 kg/m 2 ). Patient demographics are summarized in Table 1 . Sixty-two percent of the limbs were classed as CEAP 2 with 23% CEAP 3 and 14% CEAP 4 ( Table 2 ). All patients were suffering from symptoms of PVV because of superficial chronic venous disorders for a median of 70 months. Signs and symptoms of the patients in this study are summarized in Table 3 . The preoperative physical neurological examination revealed that only one patient suffered from a sensory deficit (Table 4 ).
Six-Week Follow-Up
At 6-week follow-up, four patients (6%) had complaints of postoperative pain sensation in the operated limb and five patients (7%) complained of neurologic symptoms of dysesthesia in three limbs (4%) and paresthesia in two limbs (3%). SN deficits were documented by physical neurologic examination in five limbs (7%). Of this group of five limbs, four were affected in light touch tested by cotton wool and all were affected in pain tested by neurologic examination pin as in Tables 4 and 5. In 96% of the patients, the total stripping of the GSV resulted in improvement of the primary complaint.
Three-Month Follow-Up
At 3-month follow-up, no patients had complaints of postoperative pain sensation in the operated limb and 2 patients (3%) complained of neurologic symptoms of paresthesia in their operated limbs. SN deficits were documented by physical neurologic examination in two limbs (3%). They were both affected in light touch tested by cotton wool and in pain tested by neurologic examination pin (Tables 4  and 5 ). In 68 of 69 patients (99%), the total stripping of the GSV resulted in improvement of the primary complaint.
Discussion
PVV because of superficial chronic venous disorders may be treated conservatively by compression therapy or by several surgical interventions such as sclerotherapy, ligation of SFJ, or partial/total stripping of the GSV. Recent years have seen the development of less invasive endovenous techniques to treat GSV incompetence, such as endovenous radiofrequency obliteration, endovenous laser therapy, cryosurgery, bipolar coagulating, and foam sclerotherapy, 16 aiming to reduce the morbidity associated with conventional surgery. However, these new less invasive approaches are not evaluated completely in terms of efficacy, morbidity, long-term follow-up, and costs in prospective randomized trials. In a recent Cochrane review to identify whether the use of surgery or sclerotherapy should be recommended for the management of PVV, it was revealed that there is insufficient evidence to preferentially recommend the use of sclerotherapy or surgery. 17 The literature shows that impairments on physical health aspects in quality of life are evident in patients with varicose veins. 18, 19 Furthermore, surgical treatment with stripping of the GSV in patients suffering from PVV provides significant and progressive improvements in the quality of life. 20, 21 However, in the case of venous reflux in the infragenual region, this surgical approach is possibly associated with signs and symptoms of postoperative SN injury particularly when the vein is stripped to the ankle. There are no consistent data on this in the literature. The SN (L3, L4) is located adjacent to the GSV throughout much of its course. This association is particularly close, from several centimeters below the knee to the medial malleolus. The nerve has several sizeable branches that cross directly over the vein. These branches are particularly vulnerable to avulsion during stripping as the head used for the stripping procedure can engage and disrupt them. To prevent SN injury, some vascular surgeons therefore prefer to strip the GSV only to the level of the knee or just below the knee. However, in cases of partial stripping of the GSV in patients with reflux of the GSV in the below-knee region, additional therapy (e.g., sclerotherapy) is often applied in the infragenual region to relieve signs and symptoms in this specific area. The incidence of this nerve injury is variably documented and ranges from 23% to 58%. [2] [3] [4] [5] [6] [7] [8] [9] In the literature, however, postoperative SN injury did not influence the outcome in the early postoperative period with regard to quality of life. 22 In this study, all patients were evaluated prospectively both pre-and postoperatively in a strict manner using a standard patient specific prefixed data sheet. Consequently, data collection was complete and accurate, and no vital information concerning primary signs and symptoms as well as potential sensory deficits and/or injury was lost. An experienced vascular specialist collected all data, a single examiner performed the neurologic examination, and each patient served as his or her own control. No patient was lost to follow-up.
This study indicates that total stripping of the GSV can result in 99% of the patients in reduction of the primary signs and symptoms after 3 months. It is also stated that total stripping of the GSV will not lead to postoperative damage of the SN, complaints of paresthesia, in 97% of the patients after 3 months, comparable to the study of Sorrentino and colleagues. 23 Symptoms of SN injury were for the most part transient and mild. This deficit was most commonly located at the vicinity of the medial malleolus. We hypothesize that the low rate of SN injury in this study may be caused, at least in part, by our surgical routine according to standard practice and careful identification of the SN and separation of the GSV from the SN at the medial malleolus. Most of the studies on evaluating the results of venous surgical interventions 7, 8, 21, 22 strip the GSV in a downward fashion underlined by the study of Cox and colleagues, 4 comparing the upward and downward total strip of the GSV. However, the SN supplies the medial site of the lower limb and becomes progressively closer related to the GSV as it descends to the ankle. Therefore, we believe that in stripping upward, from ankle to the groin, the bulk of the GSV attached to the stripper tip is significantly less compared to the complete bulk of the GSV attached to the stripper tip during the downward strip. This decreases the chance of traumatizing the SN located close to the GSV at the medial malleolus. These two fashions of total stripping of the GSV should be evaluated in a prospective clinical randomized trial, including comparing the short and total strip of the GSV.
In this study, patients with reflux of the GSV in both the supra-and the infragenual region were included. To our knowledge, no prospective randomized trial was conducted comparing stripping of the GSV just below the knee (short strip) versus total stripping of the GSV from the ankle to the groin (long strip). In our opinion, from a hemodynamic point of view, patients suffering from reflux of the GSV below the knee will benefit from total stripping of the GSV. This is underlined by the results of our study with a significant improvement of the initial signs and symptoms without significant morbidity such as SN damage.
Several remarks must be made concerning potential limitations of this study. This study is limited by its size with a total of 69 limbs. Furthermore, because patients with previous surgical treatment of PVV were excluded in this study, no conclusions can be drawn from this study in patients undergoing redo surgery. Patients with venous ulcers were also excluded from this study because sensory tests were not considered appropriate in open wounds. Therefore, results of our study cannot be extrapolated in this specific patient category.
In conclusion, we state that conventional surgery for PVV because of superficial chronic venous disorders with total stripping of the GSV is a validated surgical strategy in patients with reflux in the entire GSV. It is accompanied with a low incidence of postoperative damage of the SN. The risk of SN injury should therefore not be considered a reason to avoid total stripping of the GSV from the ankle to the groin in this specific group of patients.
